We derived, weighed, and integrated this information into a model similar to the TIMI risk score for the prediction of shortterm outcomes in AMI ( Table 7) . Low LDL-C improved the c-statistic of the original TIMI risk score and Killip classification from 0.723 to 0.754 and from 0.702 to 0.765, whereas low triglyceride improved the c-statistic of the original TIMI risk score and Killip classification from 0.723 to 0.747 and from 0.702 to 0.762. The combination of both low LDL and triglyceride improved the c-statistic even further to 0.774 in TIMI risk score and to 0.801 in Killip classification. The addition of Killip classification criteria yielded even further improvement in the c-statistic. For direct comparison, the LDL + triglyceride alone, with c-statistic of 0.748 (0.681-0.814), is a better predictor than TIMI risk score and Killip classification (p (trend) < 0.001).
Objectives: Elevated low-density lipoprotein cholesterol and triglycerides are major risk factors for coronary artery disease. However, fatty acids from triglycerides are a major energy source, low-density lipoprotein cholesterol is critical for cell membrane synthesis, and both are critical for cell survival. This study was designed to clarify the relationship between lipid profile, morbidity as assessed by Killip classification, and 30-day mortality in patients with acute myocardial infarction. Design: A noninterventional observational study. Setting: Coronary care unit in a university hospital. Patients: Seven hundred twenty-four patients with acute myocardial infarction in the coronary care program of the Bureau of Health Promotion were analyzed. Interventions: None. Measurements and Main Results: Low-density lipoprotein cholesterol and triglyceride levels were significantly lower in high-Killip (III + IV) patients compared with low-Killip (I + II) patients and in those who died compared with those who survived beyond 30 days (both p < 0.001). After adjustment for risk factors, lowdensity lipoprotein cholesterol less than 62.5 mg/dL and triglycerides less than 110 mg/dL were identified as optimal threshold values for predicting 30-day mortality and were associated with hazard ratios of 1.65 (95% CI, 1.18-2.30) and 5.05 (95% CI, 1.75-14.54), and the actual mortality rates were 23% in low lowdensity lipoprotein, 6% in high low-density lipoprotein, 14% in low triglycerides, and 3% in high triglycerides groups, respectively. To test the synergistic effect, high-Killip patients with triglycerides less than 62.5 mg/dL and low-density lipoprotein cholesterol less than 110 mg/dL had a 10.9-fold higher adjusted risk of mortality than low-Killip patients with triglycerides greater than or equal to 62.5 mg/dL and low-density lipoprotein cholesterol greater than or equal to 110 mg/dL (p < 0.001). The lipid paradox also improved acute myocardial infarction short-term outcomes prediction on original Killip and thrombolytic in myocardial infarction scores. Conclusions: Low low-density lipoprotein cholesterol, low triglycerides, and high Killip severity were associated with significantly higher 30-day in-hospital mortality in patients presenting with acute myocardial infarction. The initial lipid profile of patients with acute myocardial infarction may therefore hold prognostic value. (Crit Care Med 2015; 43:1255-1264) Key Words: Killip classification; low-density lipoprotein cholesterol; mortality; myocardial infarction; triglycerides E levated low-density lipoprotein (LDL) is an important risk factor for cardiovascular disease (CVD) (1-3), and the concept of "LDL-the lower, the better" has been proposed in many statin studies to improve major cardiovascular outcomes and mortality (4) (5) (6) (7) (8) (9) (10) . Elevated triglyceriderich lipoprotein species or lipoprotein changes associated with altered triglyceride metabolism have also been reported to influence the development of CVD (7, 11) . However, fatty acids from triglyceride-rich lipoproteins serve as a source of energy for tissues and are important for cell survival. Low-density lipoprotein cholesterol (LDL-C) is critical for the synthesis of cellular membranes and steroid hormones (12) . In addition, lipid-free apolipoprotein B has been reported to induce apoptosis (13) . This lipid paradox with respect to CVD has similarly been reported in elderly patients and those with rheumatoid arthritis (14) , heart failure, stroke, and atrial fibrillation (15) (16) (17) (18) (19) (20) . The Killip(-Kimball) classification has also been used for acute myocardial infarction (AMI) risk stratification (21) . Poor 12-month clinical outcomes have been reported in patients with low LDL-C with AMI, although it was not an independent predictor of 12-month mortality (22) . The association between lipid profile, Killip classification, and 30-day in-hospital mortality remains unknown, and this study aims to clarify those associations in patients with AMI.
MATERIALS AND METHODS

Study Population and Design
A total of 724 patients with AMI participating in the coronary care program of the Bureau of Health Promotion at Kaohsiung Medical University Hospital between February 2010 and April 2012 were analyzed. This study was approved by the Institutional Review Board of Kaohsiung Medical University Hospital and conformed to the Declaration of Helsinki. All subjects provided informed consent before participation. The inclusion criteria for patients with ST-elevation myocardial infarction (STEMI) were as follows: 1) duration of persistent angina from onset to arrival to the emergency department less than 6 hours, 2) ST-segment elevation greater than 1 mm in two or more limb leads or greater than 2 mm in two or more contiguous precordial leads, 3) confirmed diagnosis of MI based on persistent angina greater than 20 minutes, electrocardiogram findings, and cardiac enzyme changes, and 4) coronary angiography performed within 12 hours of the onset of chest pain (23) . For patients with non-ST-elevation myocardial infarction (NSTEMI), the inclusion criteria were as follows: 1) onset of chest discomfort in the preceding 48 hours, 2) new horizontal or down-sloping ST depression greater than or equal to 0.05 mm in two contiguous leads and/or T inversion greater than or equal to 0.1 mm in two contiguous leads with prominent R wave or R/S ratio greater than 1, and/or 3) elevated troponin I (> 1.0 ng/dL) with a rising and/or falling pattern (24) (25) (26) . Ninety-five percent of the patients were treated with unfractionated heparin or low-molecular-weight heparin. However, individual heparin dosing was calculated by body weight (kg), and the information is not available in this study.
Clinical data including demographic information, medical history (hypertension, diabetes, smoking status, alcohol use, dyslipidemia, previous use of statins, and end-stage renal disease [ESRD]), and the number of coronary arteries with significant luminal stenosis (> 70%) by angiography were collected. Hypertension was defined as a systolic blood pressure (SBP) of greater than or equal to 140 mm Hg, diastolic blood pressure of greater than or equal to 90 mm Hg, or current antihypertensive therapy. Dyslipidemia was defined as a total cholesterol level of greater than or equal to 200 mg/dL, triglyceride level of greater than or equal to 200 mg/dL, or current antilipidemic therapy. Diabetes was diagnosed when the fasting blood glucose (FBG) was greater than or equal to 126 mg/dL or current treatment with oral hypoglycemic agents or insulin. ESRD was the last stage (stage five) of chronic kidney disease which required dialysis or a kidney transplant to live. Subjects were classified as alcohol drinkers or cigarette smokers if they had regularly consumed any alcoholic beverage greater than or equal to 1 time per week or smoked greater than or equal to 10 cigarettes per week during the preceding 6 months (27, 28) . In-hospital cardiovascular events, including death, recurrent nonfatal AMI, and life-threatening arrhythmia, were also recorded. Standard medical care consisting of dual antiplatelet therapy, renin-angiotensin system blockade, and β-blockers was administered to most patients unless absolutely contraindicated. Statins were administered after obtaining a fasting blood specimen on the morning after admission according to the Taiwan National Health Insurance Guidelines (LDL-C > 100 mg/dL or already use) and/or revised Adult Treatment Panel III of the National Cholesterol Education Program guidelines (LDL-C > 70 mg/dL or already use).
Biochemistry Data and Killip Score
Peripheral venous blood samples were collected into pyrogenfree tubes both in the emergency department and after more than 8 hours of overnight fasting the following morning. FBG, fasting lipid panel, and routine biochemical profiles were analyzed. Killip classification was determined as follows: Killip class I, no clinical signs of heart failure; Killip class II, rales or crackles in the lungs, an S 3 , and elevated jugular venous pressure; Killip class III, frank acute pulmonary edema; and Killip class IV, cardiogenic shock or hypotension and evidence of peripheral vasoconstriction (21) . According to Killip severity, patients were divided into high-Killip (I + II) and low-Killip (III + IV) groups.
Statistical Analysis
All data are presented as mean ± sd or n (%). Baseline characteristics were compared between groups with the Student t test for continuous variables and Pearson chi-square test or Fisher exact test for categorical variables. Cox regression was used to estimate hazard ratios. The multivariate logistic model was further adapted to determine the independent risk factors after adjusting for dichotomized risk factors. This model included age, gender, initial SBP, initial heart rate, B-type natriuretic peptide (BNP), creatinine, body mass index (BMI), diabetes mellitus, hypertension, dyslipidemia, smoking status, family history of premature coronary artery disease, and statin treatment, as have been traditionally controlled for in other studies (22) . Receiver operating characteristic (ROC) curve analysis was performed to obtain areas under the ROC curve (ROC-AUC) and optimal cutoff points by maximal values of Youden index (Youden index = sensitivity + specificity -1) between disease severity with LDL-C and triglyceride. For each patient, beyond the TIMI (thrombolytic in myocardial infarction or TIMI Study Group) risk score (29) , additional risk scores were calculated as the simple arithmetic sum of point values assigned to each risk factor based on the multiple covariate adjusted risk relationship: similar values for similar odds ratios (ORs). The discriminatory capacity of the risk scores was assessed by using the ROC-AUC (c-statistic) as an index of model performance (30) . The c-statistic reflected the concordance of predictions with actual outcomes in rank order, with a c-statistic of 1.0 indicating perfect discrimination. A p value less than 0.05 was considered to be statistically significant. Statistical analysis was performed using SPSS software version 14.0 (SPSS, Chicago, IL).
respectively. LDL and triglyceride cutoffs were derived from the ROC analysis for high and low Killip (see The Association Between LDL-C and Triglyceride With 30-Day In-Hospital Mortality section). Those with higher Killip, low LDL, and low triglyceride were significantly older, had a lower prevalence rate of currently smoking, longer hospital stay, lower levels of total cholesterol (Chol(T)), LDL-C, triglyceride, and BMI but higher BNP. Significantly higher prevalence rates of STEMI and higher Killip were noted in both low LDL and low triglyceride groups, and significantly higher prevalence rates of diabetes, ESRD, and higher ratios of Chol(T)/HDL-C were found in patients with high-Killip class. Similar differences were also found between those who expired compared with those who survived over 30 days (Table 4 ). Interestingly, there was a lipid paradox with significantly lower Chol(T), LDL-C, triglyceride, and BMI in the high-Killip patients and in those who died.
The Association Between LDL-C and Triglyceride With 30-Day In-Hospital Mortality
Overall, initially low LDL-C and triglyceride were associated with a significantly higher in-hospital mortality rate within 30 days when taking both LDL-C and triglyceride less than 60 mg/dL as a reference. Hazard ratios for 30-day in-hospital mortality as a function of LDL and triglyceride levels are depicted in Table 5 . ROC curves for LDL-C and triglyceride and AMI severity (high-Killip group vs low-Killip group) were constructed to choose the optimal cutoff points. The AUC was 0.64 (95% CI, 0.59-0.69) for LDL-C and 0.59 (95% CI, 0.54-0.63) for triglyceride. The optimal cutoff point (sensitivity, specificity) for high and low Killip was 62.5 mg/dL (0.25, 0.88) for LDL-C and 110 mg/dL (0.54, 0.63) for triglyceride by the maximum of each Youden index. Cumulative survival over 30 days of follow-up showed a significantly higher mortality rate in the LDL-C less than 62.5 mg/dL and triglyceride less than 110 mg/dL groups (hazard ratios, 1.65 and 5.05; 95% CI, 1.18-2.30 and 1.75-14.54, respectively) ( Fig. 1) . To investigate the further potential for lipid paradox, we compared patterns of LDL and Killip class and found that low LDL-C (< 62.5 mg/dL) in high-Killip group had an approximately six-fold higher adjusted risk than high LDL-C (≥ 62.5 mg/dL) in low-Killip group (p < 0.001). In addition, similar risks were found between the low LDL in low-Killip and high LDL in high-Killip (hazard ratio, 0.57; 95% CI, 0.22-1.47; p = 0.25). For triglyceride, the low triglyceride in high-Killip had an approximately eight-fold higher adjusted risk than the high triglyceride in low-Killip group (p < 0.001) but no significant differences among other three groups (Fig. 2) . The high AMI Killip severity group had a 2.5-fold higher risk of mortality than the low group, whereas the group with both low LDL-C and triglyceride had a 10.9fold higher risk of mortality than the group with both high LDL-C and triglyceride after adjustment (Fig. 3) . Therefore, in addition to Killip classification, the initial lipid profile had prognostic value in this patient population.
Predictors of Mortality: Risk Factors Associated With Mortality to Develop a New Risk Score for Myocardial Infarction
A multivariate modeling was performed using all clinical and biochemical variables that were significantly different on univariate analysis between the high-and low-Killip patient groups or deceased and surviving groups ( 
DISCUSSION
This study supports a lipid paradox in patients presenting with AMI, with significantly lower TC, LDL, and triglyceride in patients with severe Killip classification and in those who died in the hospital within 30 days (Tables 1-4 ). Cumulative survival showed significantly higher mortality rates in patients with LDL less than 62.5 mg/dL and triglyceride less than 110 mg/dL (optimal cutoff points by each lipid ROC curve with severity) groups (Fig. 1) . The synergistic effects of both low LDL-C and low triglyceride in addition to Killip classification on AMI patients were demonstrated in Figure 2 . The high-Killip group had a 2.5-fold higher risk of mortality than the low severity group, whereas the group with both low LDL and low triglyceride had a 10.9-fold higher risk than the group with both high LDL and high triglyceride (Fig. 3) . After adjustments using multivariate model, lipid variables including low LDL-C and low triglyceride as well as Killip severity were all independently significantly associated with 30-day in-hospital mortality ( Table 6 ). Regarding lipid paradox on improvements in model performance, LDL-C and triglyceride modestly improved the c-statistics of the original TIMI risk score separately and together (LDL-C + triglyceride) to 0.774, and the improvements were best when added together to the Killip classification (0.801). For direct comparison, the LDL + triglyceride alone, with c-statistics of 0.748, is better than TIMI risk score and Killip classification (all p (trend) < 0.001) ( Table 7) . Epidemiological studies have shown that high LDL-C and triglyceride are important risk factors for CVD (1-3, 5-7, 31), but only play a minor role in the acute phase of AMI. To the best of our knowledge, this study is the first to show an association , respectively) and AMI severity (low Killip vs high Killip) . For TG, the reference value for hazard ratio (HR) calculation was the group with stable AMI and TG ≥ 110 mg/dL. For LDL-C, the reference value for HR calculation was the group with stable AMI and LDL-C ≥ 62.5 mg/dL. between low initial admission levels of Chol(T), LDL-C, and triglyceride with high AMI Killip severity (Tables 1-3 ). The novel findings of this study are that low admission levels of Chol(T), LDL-C, and triglyceride were associated with a high short-term (30-day) in-hospital mortality rate (Tables 4 and 5 ). Such a lipid paradox has been founded in the elderly, in some major CVDs (15) (16) (17) (18) (19) and rheumatoid arthritis (14) . By contrast, however, in a large population of patients with AMI, lipids were not an independent predictor of 12-month mortality (22) .
Physiologically, LDL-C is critical for the cell and hormones (12) , and LDL-C less than 30 mg/dL has been reported to result in an increase in psychiatric and hepatobiliary disorders (32) . Another large population study also revealed that patients with NSTEMI and with a history of hypercholesterolemia were associated with lower in-hospital mortality (33) , which was consistent with the results in our study. LDL-C may be crucial for cell survival during initial 30-day in-hospital phase when facing life-threatening stress of AMI with ischemia and fulminate reactive inflammatory response, which makes cells and their membrane vulnerable. LDL-C needs to be posttranslationally modified or oxidized to become pathogenic (34, 35) . These are plausible reasons for the discrepancy of 30-day in-hospital phase and 12-month phase. According to the 2013 American College of Cardiology/ American Heart Association dyslipidemia guideline, an appropriate intensity of statin therapy should be used to reduce the atherosclerotic cardiovascular risk in those most likely to benefit, but not for specific lipid targets as there is currently no randomized control trial evidence to support this (36) . Therefore, future goal-oriented studies are needed to answer these questions. In addition, the decrease of plasma triglyceride during the acute phase of unstable angina or non-STEMI has been reported as a marker of recurrent ischemia (37) . Triglyceride is an important energy source for peripheral tissues, and those messages provide our study results the reasons why LDL-C and triglyceride are important in the life-threatening AMI status. In addition, high triglyceride advantage is also found in our study. The higher severity it is in AMI, the greater sympathetic activity spurs the synthesis and activation of lipoprotein lipase, which then breaks down circulating triglyceride to glycerol and fatty acids (38) (39) (40) (41) . The current study provides further information that low levels of LDL-C and triglyceride on initial admission are predictive of short-term (30-day) in-hospital adjusted mortality ( Fig. 1 and Table 7 ), particularly when both LDL and triglyceride are integrated (Fig. 3B) . The lipid paradox also improves modal performance of prediction (Table 7) . There are several limitations to this study. First, the number of patients might be still insufficient compared to large trials. 
